The pseudopotential calculations in this work were performed using the ABINIT software package [1, 2] with the Perdew-Zunger-Ceperley-Alder LDA exchange-correlation functional [3] and optimized norm-conserving Vanderbilt pseudopotentials, following the scheme of Hamann [4] . Convergence studies were used to choose a plane wave cutoff energy of 32 Ha and an 8×8×1 Monkhorst-Pack k -point grid [5] , thereby ensuring convergence of the system's total energy below 0.1%. In order to avoid interactions between periodic images of the finite thickness slab, a vacuum layer with a thickness of 22Å was included in the supercell between the outermost Se planes of two neighbouring periodic images of the slab.
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For the relaxation calculations, tolerances on the maximal force and stress in the relaxation calculations were set to 5 · 10 −5 Ha a0 and 5 · 10 −7 Ha a 3 0 , respectively. For calculations of electrostatic potentials, the spatial resolution of the DFT calculation was improved by increasing the plane wave cutoff energy to 48 Ha. The high spatial resolution was necessary for the treatment of sharp electrostatic potentials in the core regions.
Electrostatic potentials were calculated using a combination of pseudopotential and all-electron DFT calculations [6] under identical conditions. The difference, which results from the modified core potentials in the pseudopotential method, was saved for further use. The complete crystal unit cells were then treated using pseudopotential calculations and the precalculated difference terms were added in order to obtain full DFT electrostatic potentials for subsequent off-axis electron holography simulations. In addition to the DFT electrostatic potentials, independent DFT (IDFT) electrostatic potentials were calculated. In this method, isolated atom pseudopotential calculations were performed for individual atoms and their electrostatic potentials were then superimposed to obtain crystal potentials. These potentials were also corrected using the all electron terms, as described for the DFT method. Figure 2 shows the experimental phase image, to which the results of the simulations were compared. Table I lists the parameters that were used for the correction of aberrations in the experimental data. Table II lists the parameters that were used for the multislice simulations. Table III shows the agreement obtained between the simulations and experimental data for the WSe 2 bilayer structure. Figure 3 shows the difference between phase images of a WSe 2 bilayer calculated using the DFT and IDFT methods. An estimate of the noise level required to measure bonding effects experimentally can be obtained from this figure. (Fig. 2) . The parameters were obtained by means of a Nelder-Mead minimization [8] of the root mean square differences between experimental and simulated real-space phase maps of the respective image wave functions for an average projected orthorhombic unit cell (Fig. 2 (c) ). Fig. 1 in the main text. Positive values correspond to a larger electron phase in the IDFT method. The largest difference in electron phase can be found along the bonding directions of the WSe2 crystal, whereas only small differences are found in the interstitial areas. The standard deviation of the difference image is 3 mrad.
COMPARISON BETWEEN SIMULATIONS AND EXPERIMENTAL RESULTS
A1 = 1.08nm (−115 • ) C1 = −3.68nm A2 = 174nm (−134 • ) B2 = 135nm (−96 • ) A3 = 2.29µm (−168 • ) S3 = 2.84µm (−135 • ) C3 = 13.6µm C5 = −6.5µm
